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BACKGROUND 

Most current treatments for chronic immune thrombocytopenic purpura (ITP) act 
by decreasing platelet destruction. In a phase 1-2 study, we administered a thrombo- 
poiesis-stimulating protein, AMG 531, to patients with ITP. 

METHODS 

In phase 1, 24 patients who had received at least one treatment for ITP were assigned 
to escalating-dose cohorts of 4 patients each and given two identical doses of AMG 
531 (0.2 to 10 fig per kilogram of body weight). In phase 2, 21 patients were randomly 
assigned to receive six weekly subcutaneous injections of AMG 531 (1, 3, or 6 fig per 
kilogram) or placebo. The primary objective was to assess the safety of AMG 531; the 
secondary objective was to evaluate platelet counts during and after treatment. 

RESULTS 

No major adverse events that could be attributed directly to AMG 531 occurred during 
the treatment period; 4 of 41 patients had transient post-treatment worsening of 
thrombocytopenia. In phase 1, a platelet count that was within the targeted range 
(50,000 to 450,000 per cubic millimeter) and at least twice the baseline count was 
achieved in 4 of 12 patients given 3, 6, or 10 fig of AMG 531 per kilogram. Overall, 
a platelet count of at least 50,000 per cubic millimeter was achieved in 7 of 12 patients, 
including 3 with counts exceeding 450,000 per cubic millimeter. Increases in the 
platelet count were dose-dependent; mean peak counts were 163,000, 309,000, and 
746,000 per cubic millimeter with 3, 6, and 10 fig of AMG 531 per kilogram, respec- 
tively. In phase 2, the targeted platelet range was achieved in 10 of 16 patients 
treated with 1 or 3 fig of AMG 531 per kilogram per week for 6 weeks. Mean peak 
counts were 135,000, 241,000, and 81,000 per cubic millimeter in the groups that re- 
ceived the 1-/Ltg dose, the 3-fig dose, and placebo, respectively. 



CONCLUSIONS 

AMG 531 caused no major adverse events and increased platelet counts in patients with 
ITP. (ClinicalTrials.gov number, NCT00111475.) 
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IMMUNE THROMBOCYTOPENIC PURPURA 
(ITP) is an autoimmune disorder in which 
antiplatelet autoantibodies cause platelet de- 
struction. 1 * 6 The annual incidence of ITP in the 
United States is estimated to be approximately 
16,000 cases. 1 - 4 

The initial treatment for ITP, usually cortico- 
steroids, intravenous immune globulin, or Rh 0 (D) 
immune globulin acts primarily by interfering 
with platelet destruction. 7 Other immunomodula- 
tory agents suppress the production of antiplatelet 
antibodies, but relapse is common when these 
agents are discontinued. Splenectomy, by contrast, 
can have lasting effects and even cures the disease 
in some patients. 

There is evidence that platelet production is 
suboptimal in a substantial proportion of pa- 
tients with ITP, 8 " 21 suggesting that a strategy of 
increasing platelet production may be effective in 
managing the disorder. In previous studies, poly- 
ethylene glycol-conjugated recombinant human 
megakaryocyte growth and development factor 
(PEG-MGDF), a recombinant thrombopoietin, in- 
creased platelet counts in four of five patients with 
I T p 22,23 However, antibodies against PEG-MGDF 
developed in healthy volunteers and in patients 
with cancer, and the antibodies cross-reacted with 
endogenous thrombopoietin in the patients, caus- 
ing severe, persistent thrombocytopenia. 24 ' 25 As 
a result, clinical development of PEG-MGDF was 
stopped. 

A novel thrombopoiesis-stimulating protein, 
AMG 531 (Amgen), has recently been developed. 
It has no sequence homology with endogenous 
thrombopoietin, 26 ' 27 a feature that should pre- 
clude the development of cross-reacting antibod- 
ies. We conducted a study to evaluate the safety 
and efficacy of treatment with AMG 531 in pa- 
tients with ITP. 

METHODS 

AMG 531 

AMG 531 is a protein that stimulates thrombopoi- 
esis 26 (Fig. 1). It consists of disulfide-bonded hu- 
man IgGl heavy-chain and kappa light-chain con- 
stant regions (an Fc fragment) with two identical 
peptide sequences linked covalently at residue 228 
of the heavy chain with the use of a polyglycine. 
The Fc component extends the half-life of the mol- 
ecule in the circulation. The peptide portion was 
selected by screening libraries of peptides that have 



Fc carrier domain 



Peptide receptor-binding 
domain 




Figure 1. Structure of AMG 531. 

The left-hand side of the diagram shows the IgG Fc carrier portion of the 
molecule. The right-hand side shows the peptide that binds to the throm- 
bopoietin receptor (referred to as Mpl) not shown in figure. There are four 
binding sites in the peptide portion. 



no sequence homology with human thrombopoi- 
etin to find one with a tertiary structure that would 
allow it to bind to and activate the human throm- 
bopoietin receptor, called Mpl. In healthy volun- 
teers, AMG 531, a clear, colorless liquid adminis- 
tered by subcutaneous injection, increased platelet 
production and platelet counts and did not induce 
neutralizing or cross-reacting antibodies against 
thrombopoietin. 28 

PATIENTS 

Nine U.S. centers enrolled patients with chronic 
ITP in two sequential trials. The institutional re- 
view boards at the participating centers approved 
the protocols, and all patients gave written in- 
formed consent before undergoing eligibility 
screening. Inclusion criteria were an age of 18 to 
65 years, a history of ITP (according to the Amer- 
ican Society of Hematology guidelines 5 ) for at 
least 3 months; one or more prior treatments for 
ITP; a mean platelet count (the mean value of two 
counts) of less than 30,000 per cubic millimeter 
(with no count >35,000 per cubic millimeter) for 
patients not receiving corticosteroids or a mean 
count of less than 50,000 per cubic millimeter 
(with no count >55,000 per cubic millimeter) for 
patients receiving corticosteroids. Patients were 
eligible for enrollment regardless of whether they 
had undergone splenectomy or whether they were 
receiving corticosteroid therapy, as long as there 
had been no changes in the corticosteroid dose 
or schedule of administration for at least 4 weeks. 
The following intervals since the last administra- 
tion of therapy for ITP were required: 2 weeks for 
intravenous immune globulin, 8 weeks for alkyl- 
ating agents, 16 weeks for rituximab, and 4 weeks 
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for all other treatments. Exclusion criteria were any 
known risk factor for thromboembolic events, a 
history of cardiovascular disease, active cancer, 
and a history of a bone marrow disorder. 

STUDY DESIGN 

This study was a multicenter, dose- and schedule- 
finding trial consisting of two phases (Fig. 2), with 
no overlap between patients in phase 1 and those 
in phase 2. 

Phase 1 (conducted from July 1, 2002, to Oc- 
tober 13, 2003) was an open-label, dose-escala- 
tion trial with sequential cohorts of patients. 
The primary objective was to assess the safety and 
tolerability of two injections of AMG 531 in pa- 
tients with ITP. Secondary objectives were to de- 
termine the dose that would result in a platelet 
count that was within the targeted range (50,000 
to 450,000 per cubic millimeter) and that was at 
least twice the baseline count and to determine the 
adequacy of two AMG 531 injections given within 
2 to 3 weeks for achieving this range. 

AMG 531 was administered to cohorts of four 
patients each at doses of 0.2, 0.5, 1, 3, 6, and 
10 fjig per kilogram of body weight. The drug was 
administered by subcutaneous injection on day 1, 
followed by 14 days of observation. Health status, 
complete blood counts, and blood chemical val- 
ues were monitored throughout the study. Assays 
to detect anti-AMG 531 antibodies were per- 
formed before treatment, at the end of treatment, 
and at the end of the study. If the platelet count 
was less than 50,000 per cubic millimeter on day 
15, a second identical dose was administered. If 
the platelet count was 50,000 per cubic millimeter 
or more on day 15, the second dose was delayed 
until day 22; if at that time the platelet count re- 
mained 50,000 per cubic millimeter or more, the 
second dose was not given. A data review commit- 
tee, composed of investigators and Amgen staff 
members who were not directly involved in the 
execution of the study, reviewed antibody and 
other safety data from the current and previous 
cohorts before treating the next sequential cohort. 
The protocol required termination of the study if 
antibodies that cross-reacted with thrombopoietin 
were detected. After the treatment was completed, 
patients were followed for an additional 8 weeks. 

Phase 2 (conducted from October 6, 2003, to 
June 17, 2004) was a double-blind, placebo-con- 
trolled evaluation of AMG 531 in patients with ITP. 
The placebo consisted of the excipients of the 



AMG 531 formulation. The objectives were to 
evaluate the safety of AMG 531 and to determine 
a weekly dose that would result in a platelet count 
that was within the targeted range used in phase 

1 (50,000 to 450,000 per cubic millimeter) and that 
was at least twice the baseline count. Patients were 
randomly assigned to receive AMG 531 at one of 
three doses (1, 3, or 6 fig per kilogram) or placebo 
once a week for 6 weeks, with a ratio of AMG 531 
assignments to placebo assignments of 4:1. A pro- 
tocol amendment later eliminated the 6-jug cohort; 
only one patient was randomly assigned to this 
dose. No dose adjustments were allowed, although 
doses were withheld in the event of a platelet count 
greater than 350,000 per cubic millimeter. Patients 
were followed for 6 weeks after the last dose of 
study drug. 

In collaboration with the investigators, Amgen 
designed the study, conducted the statistical analy- 
ses, and interpreted the data, which Amgen held. 
The investigators had unrestricted access to the 
primary data. The academic authors wrote this 
article, with editing assistance from Amgen; no 
limitations were imposed by Amgen in the writ- 
ing of the article. The authors vouch for the com- 
pleteness and accuracy of the results. 

ASSAYS FOR THROMBOPOIETIN AND FOR ANTIBODIES 
AGAINST AMG 531 AND THROMBOPOIETIN 

Blood samples were drawn at baseline and at spec- 
ified points under standard conditions. The serum 
was separated, frozen, and shipped to Amgen for 
testing. Thrombopoietin levels were measured with 
the use of a modified, commercially available en- 
zyme-linked immunosorbent assay kit (R&D Sys- 
tems). 27 The presence of antibodies that neutral- 
ized AMG 531 or thrombopoietin was determined 
with the use of a cell-based bioassay. 27 - 28 The 
threshold of detection was approximately 400 ng 
per milliliter for a control rabbit antihuman AMG 
531 antibody and 200 ng per milliliter for a con- 
trol rabbit antihuman thrombopoietin antibody. 

STATISTICAL ANALYSIS 

Demographic characteristics, baseline clinical char- 
acteristics, and hematologic and other laboratory 
values were summarized with the use of descrip- 
tive statistics. Enrolled patients were included in 
all analyses, except that the single patient random- 
ly assigned to the 6-ju,g dose of AMG 531 in phase 

2 was excluded from the platelet-related analyses. 
The study did not have the statistical power to de- 
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Figure 2. Study Designs for Phase 1 and Phase 2. 

The shaded areas indicate the treatment periods, and the arrows indicate injections of the study drug. In phase 2, 
the dose of 6 /./g of AMG 531 per kilogram was discontinued after one patient had received this dose. 



tect a significant difference between dose groups, 
and no statistical hypothesis testing was per- 
formed. 

A general linear model was used to investigate 
the relationship between the peak platelet count 
and the baseline thrombopoietin level, adjusted for 
the AMG 531 dose received. Logistic-regression 
models, adjusted for the AMG 531 dose, were used 
to determine whether the platelet response was 
associated with any of the following variables: 
the baseline serum thrombopoietin level, the base- 
line platelet count, splenectomy status, and the 
presence or absence of concurrent corticosteroid 
therapy. 

Platelet counts obtained after the administra- 
tion of rescue medications were excluded from the 
efficacy analyses. A rescue medication was defined 
as any medication, not administered at baseline, 
that was given to increase platelet counts, or cor- 
ticosteroids given at a higher dose or frequency 
than that at baseline. 



RESULTS 



STUDY POPULATIONS 

Phase 1 

A total of 24 patients with ITP were enrolled in 
six dose cohorts (4 patients each at AMG 531 dose 
levels of 0.2, 0.5, 1, 3, 6, and 10 jxg per kilogram). 



Table 1 summarizes the demographic and clinical 
characteristics of the patients at baseline. The ma- 
jority of the patients were women (17 of 24) and 
were white (22 of 24); the median age was 45 years. 
The median platelet count at baseline was 11,000 
per cubic millimeter, and the median time since 
the diagnosis of ITP was 6.2 years. Seven patients 
(29%) were receiving corticosteroids, and 19 (79%) 
had undergone a splenectomy. 

Phase 2 

A total of 21 patients were enrolled in phase 2; 
4 were assigned to the placebo group, and 17 to 
one of the AMG 531 groups (8 each to the 1-^tg 
and 3-/tg groups and 1 to the 6-/tg group). The 
placebo and AMG 531 groups were similar with 
respect to demographic characteristics (Table 1). 
Fifteen patients were women, and 14 were white; 
the median age was 49 years. The median plate- 
let count at baseline was 16,000 per cubic milli- 
meter, and the median time since the diagnosis 
of ITP was 5.2 years. Seven patients (33%) were re- 
ceiving corticosteroids, and 14 (67%) had under- 
gone a splenectomy. 

SAFETY 

Table 2 summarizes adverse events that occurred 
in 10% or more of the patients. Adverse events with 
an incidence of less than 10% are provided in the 
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Supplementary Appendix, available with the full 
text of this article at www.nejm.org. 

Phase 1 

Since single doses of AMG 531 that were less than 
3 fig per kilogram did not affect the platelet count 
in phase 1, data on adverse events were considered 
for two combined dose groups: 0.2 to 1 fig per ki- 
logram and 3 to 10 fig per kilogram. The most 
frequently reported adverse events were contusions, 
ecchymosis, or both, which occurred in 67% of the 
24 patients (6 of 12 patients receiving 0.2 to 1 fig 
per kilogram and 10 of 12 receiving 3 to 10 fig 
per kilogram), and mild-to-moderate headache, 
which occurred in 46% of the patients (6 of 12 
receiving 0.2 to 1 fig per kilogram and 5 of 12 re- 
ceiving 3 to 10 fig per kilogram). 

Serious adverse events were reported in three 
patients. One patient receiving the 0.2-/xg dose 
had grade 3 vertigo, thought by the investigator to 
be unrelated to AMG 531, and was briefly hos- 
pitalized. The second patient, also receiving the 
0.2-/xg dose, had a life-threatening subdural hem- 
orrhage 21 days after the second injection, which 
was also thought by the investigator to be unre- 
lated to AMG 531. In the third patient, who re- 
ceived the 10-yxg dose, the platelet count tran- 
siently decreased below the baseline value after 
the discontinuation of treatment; this event was 
thought by the investigator to be related to the 
withdrawal of AMG 531. 

Phase 2 

The most frequently reported adverse events in 
phase 2 were contusions, ecchymosis, or both (oc- 
curring in 59% of the patients in the AMG 531 
groups and 75% of those in the placebo group); 
epistaxis (41% and 50%, respectively); mild-to-mod- 
erate headache (29% and 0%, respectively), and oral 
mucosal blistering (also 29% and 0%, respectively) 
(Table 2). All patients with oral mucosal blister- 
ing had a history of oral bleeding and had bleed- 
ing at the time of enrollment. Most bleeding 
events occurred during the post-treatment period 
or in patients who did not have a response to the 
study drug. 

Three patients (two who received placebo and 
one who received AMG 531) had serious adverse 
events. The two patients in the placebo group had 
a total of three serious adverse events: one had 
asthma, and the other had an intracranial hem- 
orrhage and, after splenectomy, popliteal deep-vein 
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Table 2. Adverse Events in 10% or More of Patients.* 


Adverse Event 


Phase 1 




Phase 2 




Total 




AMG 531, 0.2-1 yg/kg AMG 531, 3-10 ^g/kg 
(N = 12) (N = 12) 


r\ivi sj jji, i \\j o y'of o 

(N-17) 


Pl arphn 

(N-4) 


AMf, <m oil (Hncpc 
MIVIVj jjl, dll UObcb 

(N-41) 








number (percent) 






Contusions, ecchymosis, 
or both 


6(50) 


10 (83) 


10 (59) 


3 (75) 


26 (63) 


Headache 


6(50) 


5(42) 


5(29) 


0 


16 (39) 


Petechiae 


3(25) 


5(42) 


4(24) 


1 (25) 


12 (29) 


Epistaxis 


1(8) 


2(17) 


7(41) 


2(50) 


10 (24) 


Fatigue 


5(42) 


3(25) 


1 (6) 


0 


9 (22) 


Oral mucosal blistering 


1(8) 


2(17) 


5(29) 


0 


S (20) 


Gingival bleeding 


1(8) 


2(17) 


4(24) 


1(25) 


7(17) 


Dizziness 


1(8) 


3(25) 


2(12) 


1(25) 


6(15) 


Upper respiratory tract in- 
! fection (not otherwise 
specified) 


4(33) 


2(17) 


0 


0 


6(15) 


Excoriation 


1(8) 


1(8) 


3(18) 


0 


5(12) 


Nausea 


3(25) 


0 


2(12) 


1(25) 


5(12) 


Arthralgia 


3(25) 


1(8) 


0 


1(25) 


4(10) 


Peripheral edema 


1(8) 


2(17) 


1(6) 


0 


4(10) 


Rash (not otherwise 
i specified) 


3(25) 


1(8) 


0 


0 


4(10) 


Worsening of thrombocyto- 
penia 


0 


1(8) 


3(18) 


0 


4(10) 



* In phase 1, AMG 531 was administered twice, 2 weeks apart; in phase 2, it was administered weekly for 6 weeks. Adverse events that oc- 
curred in less than 10% of the patients are listed in the Supplementary Appendix (available with the full text of this article at www.nejm.org). 



thrombosis. The patient treated with AMG 531 
(3 fig per kilogram) had vaginal bleeding with 
severe but transient worsening of thrombocy- 
topenia 19 days after the discontinuation of 
AMG 531. 

None of the patients had a positive test for an- 
tibodies against AMG 531 or thrombopoietin. With 
the exception of platelet counts, no clinically sig- 
nificant changes were observed in vital signs or 
in hematologic or serum chemical values. 

EFFICACY 

Phase 1 

The targeted platelet response was not achieved 
in the patients who received 0.2, 0.5, or 1 fig of 
AMG 531 per kilogram, with the exception of one 
patient in the 0.2-fig group, who had received 
rituximab 4 weeks before enrollment. Of the 12 
patients who received AMG 531 at a dose of 3, 6, 
or 10 fig per kilogram, however, 4 had platelet 
counts that reached the targeted range, and 3 ad- 
ditional patients had counts that exceeded 450,000 
per cubic millimeter, for a total of 7 patients with 



peak platelet counts that were 50,000 per cubic 
millimeter or higher (Fig. 3). The median time to 
the targeted response ranged from 5 to 8 days. The 
increase in platelet counts appeared to be dose- 
dependent. Mean peak platelet counts after the first 
AMG 531 injection were 163,000 per cubic milli- 
meter for 3 fig per kilogram, 309,000 per cubic 
millimeter for 6 fig per kilogram, and 746,000 per 
cubic millimeter for 10 fig per kilogram. Median 
times to peak counts were 11, 10, and 14 days, 
respectively. Individual peak platelet counts were 
highly variable at each dose level. 

Phase 2 

In one patient, the platelet count increased to 
520,000 per cubic millimeter on day 21. The data 
review committee closed the highest-dose cohort 
because of concern that the patient had received 
the 6-jLtg dose and that the platelet count exceed- 
ed the upper limit of the targeted range. When 
the study was unblinded, it was confirmed that 
the patient had received the 6-/xg dose. 

Weekly doses of AMG 531 at 1 and 3 fig per 
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kilogram increased the platelet count in most 
patients (Fig. 4). The median time from the first 
dose to the peak count was 18 days (range, 8 to 
43) for 1 fig per kilogram, 19 days (range, 8 to 
36) for 3 fig per kilogram, and 63 days (range, 
7 to 78) for placebo. The targeted platelet range 
was reached in seven of eight patients receiving 
1 fig per kilogram and in three of eight patients 
receiving 3 fig per kilogram; the targeted range 
was exceeded in an additional two patients receiv- 
ing the dose. Overall, in 12 of 16 patients 
treated with AMG 531 at a weekly dose of 1 or 3 fig 
per kilogram, the targeted range was reached (in 
10 patients) or exceeded (in 2 patients), and in 9 
of these patients, the platelet response had oc- 
curred by the first assessment on day 8. 

In five patients at each dose (1 and 3 fig per 
kilogram), the peak platelet count exceeded 100,000 
per cubic millimeter. A total of 14 patients treated 
with AMG 531 had increases in platelet counts 
of at least 20,000 per cubic millimeter over the 
baseline count. Individual platelet responses var- 
ied in the AMG 531 and placebo groups (Fig, 1 of 
the Supplementary Appendix). The mean peak 
platelet counts were 135,000 and 241,000 per cu- 
bic millimeter in the groups that received 1 and 
3 fig per kilogram, respectively, and 81,000 per 
cubic millimeter in the placebo group; these 
counts were 8.5, 17, and 2.7 times as high as the 
baseline counts, respectively. One of four patients 
in the placebo group had a spontaneous remis- 
sion; this patient had undergone a splenectomy 
3.5 months before entering the study. 

No significant relationship was observed be- 
tween the peak platelet count and the baseline 
thrombopoietin level. Only the baseline platelet 
count in phase 1 was predictive of the platelet re- 
sponse (the higher the baseline count, the greater 
the likelihood of a platelet response; P= 0.049). 

DISCUSSION 

Thrombocytopenia occurs in patients with ITP 
when the rate of platelet destruction exceeds the 
ability of the bone marrow to increase platelet pro- 
duction. Autoantibodies from patients with ITP 
inhibit the production of megakaryocytes in vi- 
tro. 19 - 20 In addition, apoptotic megakaryocytes have 
been detected in such patients by means of elec- 
tron microscopy. 19 * 21 Moreover, kinetic data show 
that platelet production, as measured by platelet 
turnover, is reduced or normal in approximately 
two thirds of patients with ITP. 16 " 18 Plasma levels 
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Figure 3. Peak Individual Platelet Counts in Phase 1. 

The baseline platelet count and the peak platelet count after dose 1 and 
dose 2 are shown. There were four patients in each dose cohort. Three pa- 
tients did not receive a second dose. The shaded area shows the targeted 
platelet range. Platelet counts associated with the use of rescue medication 
have been excluded. 



of endogenous thrombopoietin are not elevated 
in patients with ITP, as they are in patients with 
thrombocytopenia due to chemotherapy or aplas- 
tic anemia 8 " 15 ; the mechanism underlying this 
phenomenon is thought to be related to clearance 
of endogenous thrombopoietin by the megakaryo- 
cyte and platelet pools. 29,30 All these findings, 
which suggest that platelet production in ITP is 
often impaired, led to the hypothesis that stimu- 
lation of platelet production can alleviate the throm- 
bocytopenia. 

We evaluated AMG 531 in 41 patients with se- 
vere, refractory ITP; 32 of the patients had had no 
response to conventional treatments, including 
splenectomy. None of the patients had neutraliz- 
ing antibodies to AMG 531 or thrombopoietin af- 
ter as many as six weekly doses of AMG 531. Ex- 
cept for headache and transient post-treatment 
worsening of thrombocytopenia, all adverse events 
appeared to be related to the underlying disease. 
Thirty-nine percent of patients reported mild-to- 
moderate headache, occurring within 24 hours 
after the administration of AMG 531 and persist- 
ing for several hours, which was controlled with 
acetaminophen and did not require the discon- 
tinuation of treatment. 

AMG 531 does not appear to affect the ongo- 
ing rate of platelet destruction; in all patients re- 
ceiving the drug, the platelet count returned to the 
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Figure 4. Peak Platelet Counts in Phase 2. 

There were eight patients in each of the AMG 531 groups and four patients 
in the placebo group. Platelet counts have been rounded to the nearest 10 
for display purposes. The shaded area shows the targeted platelet range. 
Platelet counts associated with the use of rescue medication have been ex- 
cluded. Horizontal bars indicate mean values. 



baseline value after the discontinuation of short- 
term treatment. In four patients with a platelet 
response, at least one post-treatment count was 
less than 10,000 per cubic millimeter and was at 
least 10,000 per cubic millimeter lower than the 
baseline value within 4 weeks after the last dose; 
these low counts persisted for 3 to 17 days. In two 
of the four patients, rescue treatment with intra- 
venous immune globulin or corticosteroids was 
administered and was successful. This transient 
post-treatment worsening of thrombocytopenia 
had no relationship to the peak platelet count or 
any other clinical variable that we could evaluate. 
The phenomenon may be due to increased clear- 
ance of endogenous thrombopoietin by the phar- 
macologically expanded megakaryocyte mass, 
as demonstrated in studies of animals and hu- 
mans. 29,31 

Patients completing this and other AMG 531 
studies were eligible to enroll in an ongoing, open- 
label extension with weekly administration of 
AMG 531 and dose adjustment based on the plate- 
let count. Preliminary data 32 indicate that 21 of 
26 patients treated for up to 24 weeks had a pro- 
tocol-defined platelet response to AMG 531 and 
12 had a durable response. Two patients who par- 
ticipated in the present study and subsequently 
entered the extension study were found to have 
a mild-to-moderate increase in bone marrow re- 
ticulin but without collagen fibrosis and with 



normal cytogenetic findings. 33 Both patients were 
asplenic and were receiving relatively high doses 
of AMG 531 (>10 fig per kilogram), with a mini- 
mal response or none. A bone marrow biopsy 
performed in one of the patients 14 weeks after 
discontinuation of the treatment showed decreased 
reticulin deposition. A follow-up biopsy specimen 
has not yet been obtained for the other patient. 
In animal models, the increase in reticulin with 
the administration of PEG-MGDF resolved after 
discontinuation of the drug, 34 - 35 and in patients 
with leukemia who were treated with thrombo- 
poietin, the increase resolved within 6 weeks af- 
ter the discontinuation of treatment. 36 

In our study, with the results combined for 
doses higher than 1 fig per kilogram in phase 1 
and for the l-fig and 3-/xg doses in phase 2, 19 
of 28 patients had platelet counts that reached or 
exceeded the targeted range. No complications, 
including thrombotic events, were reported for 
patients with platelet counts that exceeded 450,000 
per cubic millimeter. In phase 2, considerable 
week-to-week fluctuation in platelet counts was 
observed, even though the administered dose of 
AMG 531 was not changed. The role of individ- 
ual dose adjustment will need to be explored in 
future studies. The mechanism by which AMG 
531 increases platelet counts in ITP may involve 
the prevention of premature megakaryocyte apo- 
ptosis, as well as stimulation of megakaryocyte 
progenitors and megakaryocyte maturation and 
endomitosis, as has been demonstrated with other 
thrombopoietic growth factors. 37 

In this dose-finding study, not all patients re- 
ceived the optimal dose of AMG 531 or the op- 
timal schedule of administration. For this reason 
and because of the short duration of treatment in 
a relatively small number of patients, the results 
must be considered preliminary. 
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CORRECTION 

AMG 531, a Thrombopoiesis-Stimulating Protein, for 
Chronic ITP 

AMG 531, a Thrombopoiesis-Stimulating Protein, for Chronic ITP . On 
page 1672, the ninth line of the Results section of the Abstract should 
have read "3, 6, and 10 ng of AMG 531 per kilogram," rather than "3, 
6, and 10 ug of AMG 531 per cubic millimeter," as printed. The text 
has been corrected on the Journal Web site at www.nejm.org. We 
regret the error. 
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